The focus of this paper is the role played in rural contexts by contract farming agreements between smallholders and private investors. These contracts can take different forms, but in general are agreements under which producers commit to supply produce to a buyer firm. They are-at least on paper-at the centre of agrarian policies in Mozambique, through the Strategic Plan for the Development of the Agricultural Sector 2011-2020. Studies on the effect of these contracts on producers usually find out an increase in income, but the effect is still unclear with respect to other variables. The focus of this paper is on contracts' effects-in the Mozambican case-on food security. We may expect contrasting effects to be at work: on the one hand, the effects of increased income, while, on the other, the effects of giving up food production and of monopsonistic market relations. This paper exploits a panel dataset (2002)(2003)(2004)(2005) collected by the Mozambican Ministry of Agriculture among a nationally representative sample of rural households. Overall, the main findings of the paper indicate that selection in contracts is the main driver of the observed differences.
Introduction
In this paper we analyse the effects for smallholders of being in contract farming agreement, focusing especially on the effects in terms of food security. Contract farming arrangements are contracts whereby producers commit to provide a pre-defined quantity of crop to a buyer firm that buys it at an agreed price; this may imply that the firm provides inputs and technical assistance to the producers, depending on the type of agreement. Methodologically, the main issue to be addressed to analyse the consequences of being in such agreements, is the effect of selection in contracts. We cannot claim that the evidence of a relationship means a causal effect because households that enter in contracts plausibly differ significantly with respect to households that do not.
Contract farming has been considered in the last ten years as a way in which agribusiness systems could benefit smallholders. The World Bank, in the 2007 World Development Report, stated that 'the private sector drives the organization of value chains that bring the market to smallholders and commercial farms' and encourages the governments to promote contract farming type of agreements in this direction. At least on paper, these policies are at the core of current agrarian policies in Mozambique: the Plano Estratégico Para o Desenvolvimento do Sector Agrário (PEDSA) 2011-2020 promotes the 'development of value chains according to an agro-industry model […] establishment of public-private partnerships to link smallholders to markets'. Contracts are considered tools to 'market integration', to push a switch from subsistence production to commercial farming; they may relax a number of constraints to cash crop production with respect to spot markets: namely they may reduce marketing costs, decrease price uncertainty and allow for increased access to input and services.
As pointed out by Oya (2012) , in Sub-Saharan Africa (SSA) this role had been played by state agencies until these were largely dismantled during the structural adjustment phase, when the dominant idea was that supply of crops would have simply responded to price incentives and therefore 'getting the prices right' would automatically promote commercial farming. As we will briefly discuss in the next section, market incentives alone have proven not enough to stimulate agrarian production in many Sub-Saharan African contexts; policies of promotion of contract farming came up as mitigations of this approach that try to integrate the need to correct market failures.
The empirical literature is not conclusive on the possible effects that the participation in these contracts may have on food security. Indeed, the effects that we may expect to be at work are multiple and the direction of the overall effect is not clearly predictable. The first is a positive impact on food security via an income effect: participation in cash crop production allowed by contacts is expected to lead to increased incomes of rural households and this may have a positive effect on food security by relaxing the budget constraint of the household. On the other hand, the switch to cash crop production may engender a substitution effect at the expense of food production, that may harm food security in case of food market failures and may expose food consumption to increased vulnerability to shocks. Moreover, by linking smallholders to one specific firm, contracts may lock producers in monopsonistic relations, thus limiting their market power.
The paper is organized as follows: we first go through a brief literature review where we sketch the possible (contrasting) effects for smallholders of entering in contract farming agreements. Section 3 provides some elements of contract farming in Mozambique and describes the data used. Section 4 describes the variables used and sets the field of analysis through descriptive statistics and time patters. Section 5 describes the identification strategy and presents the results, including some robustness checks. Section 6 discusses the results and section 7 concludes.
Brief literature review: contested effects
Contract farming arrangements are contracts where farmers agree to supply cash crops to a buyer firms. They usually establish time and price and often set quality standards (Smalley, 2013) . Studies on the effect of these contracts on producers' usually find out an increase of income (e.g. Warning and Key, 2002, in Senegal; Bellmare, 2012, in Madagascar; Briones, 2015 , in the Philippines), but the effect is still unclear with respect to other variables. The increase in income can improve the calorie intake of the households, but can also change the intra-household distribution of resources away from basic items (Smalley, 2013) .
On what concerns food security, we have evidence of a positive relationship in Bellmare and Novak (2014) : participating in contract farming (controlling for experimental results on willingness to participate) reduces the duration of the hungry season and increases the likelihood that the hungry period ends in each month. Minten et al. (2009) find that participants in contract farming have greater welfare, higher income stability and shorter lean periods. At the same time, there can be a reallocation of land and labour away from food production with increased dependency on food markets, as it has been the case for sugar outgrowers in Kenya (Smalley, 2013) . As an indication of how risky it is to abandon food production, there is abundant evidence of cases where food production continues together with cash crop production, especially where there are limits of acreage of the contracted crop or limited take-up by farmers. This implies that negative consequences can be stronger for poor producers who have less land and limited food yields (Smalley, 2013 ).
Other works testify of possible negative consequences, especially related to producers' dependency on a monopsonistic buyer and their vulnerability to his changes in strategy (Bijman, 2008, Sivramkrishna and Jyotishi 2008) . The WDR 2007 states that 'The state-through enhanced capacity and new forms of governance-corrects market failures, regulates competition, and engages strategically in public-private partnerships to promote competitiveness in the agribusiness sector and support the greater inclusion of smallholders and rural workers.' At the same time, as Oya (2012) points out, monopsony is a necessary condition for contract farming agreements to emerge, since buyer firms are likely to accept only agreements where farmers do not have outside options. In fact, decision making power is substantially displaced towards bigger firms (Reardon and Barrett, 2000) .
It has to be noted that before structural adjustment the role of buying main cash crops was carried out by state agencies, that were largely dismantled during the '90s (Oya, 2012) . After the big push to agrarian market liberalization, in Sub-Saharan Africa it became clear that the supply response of smallholder agrarian production to price incentives alone was limited. The reasons explored to explain this supply rigidity, focus especially on failures in labour and food markets. First of all, producers are often net purchasers of food grains, and they are therefore harmed by price increases (Barrett, 2008) . Second, agrarian markets may be characterized by high marketing costs (Jayne, 1994; Haltberg and Tarp, 2002 ) that make autarchy a rational choice. This is also a consequence of price volatility: own-production of food crops can work as a risk management strategy against food excessive price variations (Fafchamps, 1992; Haltberg and Tarp, 2002) . There is moreover recent evidence that food production works as insurance tool against weather shocks (SalazarEspinoza, Jones, Tarp, 2015) . Furthermore, several authors underline that marketing decisions of agrarian producers crucially depend on their level of assets (Haltberg and Tarp, 2002; Boughton at al., 2007; Salvucci, 2010) and that marketing of food products occurs above a threshold of asset endowment.
Contract farming appeared as a tool to tackle market failures, but the evidence on its achievement in this direction is mixed. There is evidence that selection effects operate in contract farming too. According to the review done by Smalley (2013) , there is often evidence of a failure in reaching the poorest farmers. For example, there is asset-based selection evidence in Benfica et al. (2006) on cotton and tobacco production in the Zambezi River Valley. Moreover, according to Oya (2012) (Cunguara and Hanlon, 2010) . In the years of interest (as it is today, more than 10 years later), the structure of land ownership is characterized by very small landholdings, that, especially in that decade, started to be often living side by side with large land acquisition projects. According to Hanlon and Smart (2014) the median size of plot of land in Mozambique is 1 ha; in our sample this is a little bit bigger, but still very small, i.e. 1,75 ha. Parallel to this, there is evidence of large land acquisitions in the country: estimations are difficult, but figures indicate that usage rights for more than 2,5 million hectares have been acquired by private investors in the 2000s. This may explain the discrepancy between the changes in weight of agriculture on the GDP and the lack of substantial changes in rural livelihood conditions. From one of the first analysis on the issue, it appears that a big proportion of these projects are still inactive or lagging behind schedule and that they are located in wealthier and better infrastructure areas (Glover et al, 2016) .
Contract farming in Mozambique is especially relevant in cotton and tobacco growing, even if it is increasingly found in the horticulture sector. These are productions concentrated in the centre/north of the country. Contract farming in these two main cash crops is based on a concession system: it entails an exclusive sale agreement that binds smallholders to sell to that company (it is indeed a monopsonistic relationship) and in principle requires that the company supports smallholders in the production process. In other crops, e.g. maize and soya (Hanlon and Smart, 2014) , there are several buyers who compete among each other. Although the concessions are authorized by the public authority, the buying companies are private companies, since the sector has been privatized in the 1990s. As an example, the biggest tobacco buyer in Mozambique is currently the Universal Corporation, an American company, trading as Mozambique Leaf Tobacco (MLT) Table 1 .
Tab. 1. Descriptive statistics (standard deviation in parenthesis)
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The relevant variables and patterns over time A first step is to identify who are the farmers who participate in contract farming agreements. We know, for each cultivated crop, which is the main sale outlet, among which one can be companhia fomentadora (the supporting company, that is the way the buyer company is defined). A household that has a contract farming agreement is a household who has a 'supporting company' as main outlet for at least one cultivated crop. . If we look at these data disaggregated by crop, we confirm the fact that tobacco and cotton are the most represented crops in contract farming agreements (table 2) . We observe different patterns in income dynamics in the four subgroups (Fig. 1) . Income increased among those who entered into contract farming agreements and, as expected, this is mainly due to farm income ( Fig. 2A) . It is interesting to remark that households that exit from contracts experience a decrease in income, but this is surprisingly mainly due to a decrease in non-farm income (Fig. 2B ). It seems therefore that there is something else that is driving both a decrease in income and a 'drop-out' of the contracts. A more detailed analysis of this group is left for further research, but this finding points in the direction to which we will later come, that is the existence of a big selection effect in (and out of) contracts.
Food security is directly elicited through a number of questions:
• had time of hunger in the last year;
• number of months with food reserves;
• number of meals during hunger time.
These questions are unfortunately asked only in 2005, the second wave of the panel. In order to have the possibility of a comparison between the two waves, we will therefore introduce a new variable, that is food production per capita, measured as the sum (in kg) of all own food production of the household divided by the number of members of the household itself.
It is of course questionable whether own food production is a good proxy for food security. An observed reduction in food production can be both a measure of worsening of food availability, but can also be interpreted as a measure of shift out of subsistence. To interpret it as a measure of food security we have to assume partial autarchy of rural households; this may be a reasonable assumption because it is quite safe to assume that households commonly use food production as a risk-reducing strategy (Fafchamps, 1992) . This is supported by the evidence brought, in the same setting of our analysis, by Salazar-Espinoza, Jones and Tarp (2015) that food production works as insurance tool. Moreover, to support the use of our proxy, we check that food production is significantly correlated to the direct measure of food security, i.e. the dummy variable 'having had periods of starvation' in 2005. The result is shown in table 3 and the significance level is checked by performing a simple t test on mean differences: food production per capita in 2005 is significantly lower in households that have experienced hunger times in the same year. mean of farmY2002 mean of Yfarm2005defl02
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Graphs by outgrow_dynamic If we look at simple correlations (Table 4) , all the measures of food security are positively correlated with the participation in contract farming agreements. Since this correlation is far to prove a causality link, the main aim of our contribution is to inquire in the causality relationship between participation in contracts and rural households' food security. In fact, households that are part of contract farming agreements significantly differ from households that are not; these differences are significant in an important set of variables (Table 5) , especially asset endowment and access to inputs. It is to be noted that female-headed households are significantly under-represented among those who participate in contracts. Note: *** p<0.01, ** p<0.05, * p<0.1
Analysis of food security accounting for selection bias
Our identification strategy uses propensity score matching in order to identify a group, among the households that are not in contracts, that is comparable to the households that are in contracts. We then exploit, when possible, the variation in the outcome variables in the two points in time.
The analysis is restricted to group 1 and 2 in Figure 1 , thus we exclude the households that were in a contract in 2002 at baseline. This allows to compare, among the households that were not in contracts in 2002, those who entered in a contract farming agreement and those who did not. The descriptive pictures of the two groups are shown in Table 6 . The households that enter in contract farming between 2002 and 2005 start from a comparable income level with respect to the others, but have a greater increase between the two waves. Concerning food production, on the one hand, the initial level per capita is higher in the households that are going to start contract farming; on the other hand, food production decreases in both groups between the two waves, but those who enter in contracts reduce food production more than those who do not. Direct measures of food security in 2005 are systematically better in households that entered in contracts. To see if these differences are due to the effect of entering in contracts or to some other variables that affect the selection in contracts, we use propensity score matching (PSM). We therefore use the predicted values of a Probit model to identify, for each 'treated' household (households that participate in a contract farming agreement) the closest non-treated, on the basis of observable pre-treatment variables. This allows identifying two groups that have the same probability to be treated conditional on a set of observables. These observables are measures of income, food production, asset endowment, access to inputs and a vector of household characteristics, all measured at baseline ( Results are displayed in Table 7 . We have two groups of outcome variables: the three direct measures of food security where we can only observe the 2005 outcomes (col 3-5) and the variables where the outcome is the difference between the 2005 and the 2002 levels. Col 1-2 are therefore similar to difference-in-difference estimations: in column 1 the outcome variable is the difference in income levels, and in column 2 it is the difference in food production per capita. Dependent variables are therefore:
( 1) Table 7 displays the average treatment effect on the treated (ATT) on the outcome variables mentioned above, where by 'treatment' we mean the fact of being in a contract farming agreement in t1 (2005) .
ATT = E (y1 -y0 | t=1)
These treatment effects are calculated with a one-to-one match and the Abadie-Imbens (Abadie and Imbens, 2016) standard error is calculated, in order to take in account that propensity scores are estimated. We observe that the impact of entering in contracts is positive and significant on income: there is a significant greater increase in income among the households that entered in such kind of arrangements on cash crops (col 1). Column 2 presents the results on the change in food production per capita and we don't see a significant impact of contracts on it. Although we cannot observe its dynamics, the three measures that we have of food security in 2005 are not significantly affected by the fact of entering in contracts (columns 3 to 5). These results therefore indicate a positive impact on income but no impact on food security.
Robustness checks
Concerning robustness of our results, we have two main concerns.
First, our results may be sensitive to the matching model chosen and, most of all, it is important to check that they hold selecting a matching model that allows for the best balance. According to the pre-matching analysis, kernel matching leads to a better covariate-specific balance across treatment and control group. The previous results do not incorporate this because they use the Stata teffect command that does not allow for kernel weighting. To allow for this, we carry on the same analysis by estimating propensity scores, then using it to estimate the ATT and bootstrapping standard errors (Leuven and Sianesi. 2003) . The results are displayed in table 8 and are consistent with our main specification. Second, propensity score matching only allows for selection on observables: we might nevertheless think that some unobservable variables affecting the participation in contracts impact our results. As a robustness check, we use the Abadie semi-parametric difference-in-difference (Abadie, 2005 , Houngbedji, 2016 , that uses a reweighting technique to address the imbalance of characteristics between treatment and control group. The aim is to make the assumption of parallel trends in the outcome variables between the two groups more credible. We only focus on the outcome variables of which we know the variation over time, and we find similar results as before. 
Discussion
To sum up, if we look at simple correlations, apparently we have a strong relationship between the fact of entering in a contract farming agreement and income, food production, and food security indicators. After matching we observe three main results. First, entering in contract farming agreements produces an increase in income; second, the effect on direct food security measures is nil (but we don't have measure of variation over time); third, contract farming doesn't produce any significant change in food production. If we interpreted food production as a proxy for food security, we would have expected an increase when entering in contracts; the absence of a significant effect indicates that entering in contracts does not have a food security increasing impact. To compensate for the imperfect proxy, we can observe that this evidence is coherent with the result obtained on direct measures of food security. The first conclusion that can be derived is that the correlation between participation in contract farming and food security measures that we observed in the descriptive statistics is to be ascribed to a selection effect in contracts, rather than to a causal effect of contracts on food security. More food secure households have higher probability to enter in contract farming agreements. Figure 3 shows the distribution of food production per capita in 2002 in the two subgroups: households that enter in contact farming by 2005 and households that did not. This is confirmed if we look at the determinants of participation in contracts with a simple binary model (Table 10) 7 . The positive and significant coefficient of (lagged) food production per capita corroborates the idea that more food-secure households (in terms of food production) in t0 are more likely to enter into contracts in t1.
As we mentioned earlier, food production can have a twofold interpretation: if it is a measure of food security, we would have expected an increase in households entering contract farming, while, if we interpret it as a measure of dependency on subsistence production, we might have expected a negative effect of contract farming on it. We nevertheless do not observe any of them. The fact that also the second effect is not observed indicates that contracts do not have a specialization effect on crop production and do not allow for a shift out of subsistence.
This is confirmed if we look for the effect of entering in contract on the number of crops cultivated by the household. To do so, we use propensity score matching as in the previous section to estimate the ATT, where 'treatment' is the fact of entering in contract farming between 2002 and 2005. The outcome variable is now the total number of crops cultivated. Table 11 shows that this effect is significantly greater than zero: introducing contracts on cash crops increases the number of crops cultivated, instead of reorienting the production to a limited number of crops. Some case studies on the Mozambican context, coherently with our results, underline that the gains for very small producers of participating in cash crop production under contract are expected to be positive, but marginal-i.e. they 'add up' to the usual livelihood strategy, but are not able to radically change it (Hanlon and Smart, 2014) . This is moreover consistent with the results of Navarra and Pellizzoli (2012) : in the observed cases, contracts allow for increased income (in most interviews also food security often showed improvements), but do not change substantially the livelihood strategy. Producers in the Manica Province, who were growing piri-piri to be sold to a private company were using contracts as ways to differentiate their income sources. Producers that were in similar contracts in the dairy sectors declared having additional monthly income, that nevertheless doesn't turn them in proper 'commercial farmers'. Enforceability problems, that appear as major limitation factor in the literature (Freeman et al, 2008) , were raised in the interviews: in one case the buyer company did not buy the production as agreed because they considered it below the quality requirements, but from the farmers' point of view this possibility was not previously agreed and they did not receive the adequate training. In this case, farmers did not have an outside option for selling their production and they incurred important losses (Navarra and Pellizzoli, 2012) .
In case of tobacco and cotton-the major cash crops under contract in our sample-a salient characteristic is the monopsonistic position of the firm. According to Oya (2012) , this is a feature strongly entrenched in contract farming agreements to push firms to enter. This leaves the buyer with important market power: there are some recent accounts in Mozambique of firms having broken contracts after a change in market conditions, especially in cotton and baby corn sectors (Hanlon and Smart, 2014) . Very recently, farmers in the Tete province complained to the Prime Minister 8 about the local concessionary company for tobacco, pointing at an anomalous increase in the price of inputs.
Conclusions
In this paper we focused on the effect of participating in contract farming on smallholders' livelihoods. Contract farming in Mozambique is especially relevant for two cash crop productions: cotton and tobacco. If we look at simple correlations, we observe that both income and food security display a strong positive relationship with participation in contracts.
Food security is measured in two main ways: first, through direct elicitation in the questionnaire (did the household have times of hunger in the last year; how many months has the household been with food reserves; how many meals did the household have during hunger time), where we have the information only in t1 (2005) . Second, approximated by food production per capita. We assume this is a good proxy since most rural households in Mozambique are at least partly dependent on own production, and we corroborate this assumption through a robust negative correlation between food production and probability of having had periods of hunger. We nevertheless discuss also the possibility that food production has to be interpreted differently.
To identify the direction of causality, we use propensity score matching and, when we have a longitudinal dimension, difference-in-difference estimation. After matching, we observe that participating in contract farming increases household income, but has no effect on the variables measuring food security, nor on food production.
Therefore, we conclude that most of the observed differences are due to selection: more foodsecure households have higher probability of entering into contracts. This is coherent with the literature underlying that better-off households are more likely to enter into contract farming agreements 2006, Hanlon and Smart, 2014) . We contribute to this literature the observation that this selection does not seem to operate on income, but seems to operate instead on food security: households that are able to enter into contract farming agreements are those households that are already food secure before the contract is established.
As we mentioned, food production can be interpreted in different ways. According to the interpretation, we could have expected two effects: if food production is a measure of food security, we would have expected that the increase in income allowed by contract farming would have led to an increase in food production. On the other hand, we might have expected a negative effect, if contracts allow for a stable shift out of food production in favour of cash crop production. None of this seems to happen. Our last conclusion is therefore that contracts have a differentiation, not a specialization effect. They 'add up' to the usual livelihood strategy, but are not able to radically change it. This is consistent with other evidence in the continent since risk associated to a complete reliance on cash crops and on a monopsonistic buyer are too high (Smalley, 2013) .
A possible way forward is to identify some characteristics that may influence the contract-food security nexus, for example by influencing smallholder market power, and how this changes across the income and land distribution. This paper suffers of course of many limitations. First of all, food security can be directly elicited only in one point in time and this limits the possibility to exploit the panel dimension of our data. Second, the data are somehow old to analyse a phenomenon that, at least on paper, is expected to have grown in the last decade. A further step can therefore be an analysis at the district level, where we might be able to use the following TIA repeated cross-sections. 
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